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ITOODQCTIOH 

Balsam  fir  (Abi ps  balsamea) ,  considered  an  inferior  tree  a  few  years  back,  is 
becoming  of  greater  and  greater  importance  in  the  forest  economy  of  ncrthern 
Hinnesota.     There  are  two  reasons  for  this  changing  situation.     One  is  the 
constantly  expanding  use  of  this  species  by  the  paper  industry  as  a  substitute 
for  the  increasingly  scarce  spruce.     The  other  is  the  largo  area  of  balsam  fir 
forest  which  is  gradually  developing.     The  Forest  Survey  showed  1, OSS, 000 
acres  of  spruce-fir  forest  (predominantly  balsam  fir)  in  Minnesota  in  193^ 
and  recorded  a  definite  understory  of  balsam  fir  and  associated  conifers 
(averaging  more  than  700  trees  per  acre)  on  nearly  1,000,000  acres  of  aspen 
typo.    A  similar  understory  existed  in  some  of  the  hardwood  types  —  both 
upland  end  lowland. 

With  the  cutting  and  deterioration  of  the  over story,  the  balsam  fir  has  assumed 
a  more  dominant  position.  By  19^+5  it  v;as  estimated  that  there  wore  1,210,000 
acres  of  the  spruce-fir  type  in  Minnesota,  Today, 'no  doubt,  there  is  a  still 
larger  area,  although  some  is  still  rather  poorly  stocked.  Barring  catastro- 
phies  such  as  fires  and  epidemics,  or  undue  interference  from  man,  balsam  fir 
may  become  a  prominent  if  not  dominant  species  on  as  much  as  2  million  acros 
in  Minnesota, 

Since  the  demand  for  this  species  seems  likely  to  increa.se  considerably  as  the 
supply  of  spruce  diminishes,  these  balsam  stands  arc  bound  to  undergo  a  great 
deal  of  exploitation.     To  prevent  a  repetition  of  past  mistakes  '.rill  require 
intelligent  management.    Unfortunately,  little  is  known  as  to  the  bost  silvi- 
culture for  balsam  fir  in  this  region,  although  to  all  appearances  it  should 
be  an  easy  species  to  manage.     At  present  balsam  fir  generally  is  cut  to  a 
diameter  limit  which  virtually  amounts  to  commercial  clear  cutting.  Although 
it  usually  comes  ba,ck  after  such  cuttings  a.nd  will  eventually  produce  a  second 
crop,  much  greater  returns  might  be  realized  from  more  conservative  methods. 
Cutting  studies  e.rc  needed  to  determine  this  point. 
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Before  any  studios  of  this  kind  arc  "begun,  however,  it  would  seem  worth  while 
to  take  stock  of  What  is  known  ""bout  balsam  fir  in  Minnesota,  its  growth 
ha"bits,  conditions  affecting  regeneration,  cutting  practices ,  etc.     To  this 
should  "be  added  any  information  from  other  areas  that  might  have  application 
in  this  territory.     Such  a  summary  should  not  only  "be  useful  to  forest  managers 
and  as  background  for  cutting  studies,  out  it  will  also  indicate  additional 
research  needed.     This  report  presents  such  a  summary  of  knowledge. 

HOW  BALSAM  FIB.  OCCURS 

Balsam  fir  occurs  in  Minnesota  in  two  general  ways:     (l)  In  stands  where 
balsam  fir  alone  or  in  mixture  with  white  spruce  is  dominant  (commonly  called 
spruce-fir  type3/),  and  (2)  in  stands  whore  balsam  is  subordinate  to  the  other 
species  as  an  understory  or  secondary  species  in  other  forest  types. 

Stands  Where  Balsam  Fir  Predominates 

Spruce-fir  is  the  climax  forest  type  in  the  northern  part  of  Minnesota  as  well 
as  in  parts  of  northern  Michigan  and  Wisconsin.     Stands  of  old  growth  are 
composed  of  varying  mixtures  of  balsam  fir,  paper  birch,  and  white  spruce, 
with  some  black  spruce,  aspen,  white  cedar,  and  an  occasional  black  ash,  red 
maple,  and  balsam  poplar.     In  some  areas,  particularly  along  the  North  Shore 
of  Lake  Superior,  yellow  birch  occurs  with  paper  birch,  or  may  even  replace  it. 
Where  the  succession  is  less  advanced,  there  is  considerable  white  pine  and 
an  occasional  red  pine.     Toward  the  south  and  adong  the  North  Shore  of  Lake 
Superior,  sugar  maple,  elm,  and  basswood,  species  characteristic  of  the  hard- 
wood climax  forest,  may  occur  in  the  mixture.    A  good  deal  of  fir,  however,  is 
found  in  pure ,  somewhat  sca.ttcred  stands  of  younger  age.     These  may  have 
originated  after  fire  or  windstorm,  after  logging,  or  following  epidemics  of 
the  spruce  budworm.     Such  areas  arc  usually  not  very  extensive  in  area,  a„s  it 
is  hard  to  find  more  than  10  acres  in  one  condition  class.     This  is  in  striking 
contrast  to  species  like  black  spruce,  jack  pine,  or  aspen,  which  often  form 
extensive  stands  of  uniform  cha.ra.ctcr. 

Stands  Where  Balsam  Fir  is  Secondary 

An  appreciable  amount  of  balsam  fir  occurs  as  a.  secondary  species  in  other 
forest  types  cither  as  a  part  of  the  ovcrstory,  such  as  in  jack  pine,  black 
spruce,  and  white  cedar  stands;  or  as  an  understory  of  varying  size  and 
density  under  a.spcn,  paper  birch,  jack  pine,  and  occasionally  red  pine.  In 
the  natural  course  of  events,  the  latter  type  of  sta.nds  will  eventually  go 
over  to  balsam  as  the  ovcrstory  dies.    Considerable  balsam  fir  in  Minnesota 
has  become  dominant  through  such  succession;  this  is  particularly  true  in 
those  areas  which  have  escaped  burning  for  many  years. 


This  is  the  white  spruce-balsam  fir-paper  birch  type  of  the  Society 
of  American  Foresters  (Forest  Cover  Types  of  the  Eastern  U.  S,  ,  ]>r<i  Edition, 
revised  I9U0).    Actually,  there  is  almost  always  more  balsam  than  spruce  in 
the  type. 


-  2  - 


WHEBE  BALSAM  FIR  OCCURS 


Practically  all  the  "balsam  fir  in  Minnesota  is  found,  north  of  a  line  extending 
roughly  from  Hinckley  to  Little  Falls,  Park  Eapids,  and  Detroit  Lakes.     To  the 
south  and  west  of  this  line  it  is  scattered  and  of  little  commercial  signi- 
ficance.   The  more  important  areas  producing  "balsam  fir  occur  in  Cook,  Lake, 
St.  Louis,  Itasca,  Koochiching,  and  Beltrami  counties.     Considerable  quantities 
are  also  found  in  Aitkin,  Carlton,  Cass,  and  Lake  of  the  Voods  counties. 

For  best  development,  "balsam  fir  appears  to  need  an  abundance  of  moisture. 
As  a  result,  the  best  balsam  fir  usually  is  found  on  the  heavier  upland  soils 
or  on  the  lowlands  bordering  swamps  (semi-swamp).     In  the  northern  part  of 
the  State,  it  is  occasionally  found  on  light  soils,  such  as  gravelly  so-rds, 
that  farther  south  would  not  support  balsam.     On  such  sites,  however,  its 
development  is  rather  poor.     True  swamps  or  bogs  are  apparently  too  wet  for 
"balsam  fir  as  relatively  little  occurs  on  peat  of  a,ny  depth;  when  the  tree  is 
found  on  such  sites,  it  is  usually  intermingled  with  black  spruce  and  is  very 
poor  in  form,  quality,  and  growth. 

So  far  a,s  is  known,  balsam  fir  reaches  its  best  development  in  Minnesota  on 
the  bed  of  glacial  Lake  Agassi z  in  Beltrami,  Koochiching,  and  northern  Itasca, 
counties.    The  soils  of  this  region  goner ally  are  heavy  clay  loams  and  silt 
loams  —  and  have  an  abundance  of  lime  at  shallow  depth.     Another  area  of 
perhaps  equally  good  sites  occurs  in  the  so-called  "birch  belt,"  a  strip  of 
about  10  to  25  miles  wide  extending  along  the  North  Shore  of  Lake  Superior 
from  Duluth  to  beyond  Grand  Marais.     This  is  a  region  of  generally  heavy  soils 
with  somewhat  slow  drainage.    Part  of  this  area  may  consist  of  soils  laid  down 
during  the  glacial  Lake  Duluth  stage  of  Lake  Superior  and  hence  also  contain 
considerable  lime.     The  largest  balsam  firs  so  far  recorded  in  Minnesota  have 
boon  cut  in  the  "birch  belt."    In  the  absence  of  specific  information,  it 
would  seem  logical  to  assume  that  the  dry  sandy  moraines  and  the  wet  swamps 
vrill  be  poor  balsam  fir  sites  and  the  fertile  upland  and  swamp  margin  soils 
will  be  good  balsam  sites.     It  has  been  observed  that  on  land  whore  aspen  and 
white  cedar  make  good  growth,  balsam  fir  also  makes  good  growth. 

ARIA,  VOLUME,  AID  CONSUMPTION  OF  BALSAM  IN  MINNESOTA 

Area  of  Spruce -Fir  Typo 

The  original  area  of  the  spruce-fir  forest  type  in  Minnesota  was  estimated  by 
the  Forest  Survey  to  have  been  about  6,300,000  acres  (l2)z/ ;  it  comprised  most 
of  the  upland  forest  north  of  a  line  extending  from  Duluth  to  Crookston. 
Logging  for  white  pine,  spruce,  and  cedar  sawlogs,  and  to  some  extent  for 
birch  ties,  followed  by  fire  and  land  clearing,  has  grea,tly  reduced  this  area 
so  that  in  19^+5  only  about  4,300,000  acres  of  spruce-fir  land  were  estimated 
to  be  forested  (3).     Of  this  area,  about  1,200,000  acres  are  still  occupied 
by  the  original  type,  including  3^0,000  a.crcs  loss  than  40  percent  stocked, 
while  about  3»0C>C,000  acres  are  in  aspen  or  paper  birch. 


*+/    Underlined  numbers  in  parentheses  refer  to  literature  cited. 
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Well  over  half  of  the  satisfactorily  stocked  forest  land,  or  500,000  acres, 
is  in  reproduction  stands;  the  remaining  ^20,000  acres  are  in  corduood  and 
saw  timber.    Host  balsam  fir  saw  timber  is  reported  to  be  overmature,  whereas 
the  cordwood  stands  are  at  a  stage  calling  more  for  thinnings  than  harvest 
cuttings. 

ITo  reliable  figures  are  available  as  to  the  proportion  of  balsam  fir  land  in 
different  types  of  ownership.    Although  much  of  it  is  in  federal  (national 
forests  and  Indian  Reservations),  as  well  as  state  and  county  ownership,  there 
is  still  a  considerable  amount  privately  owned.     The  pulp  and  paper  companies 
own  an  appreciable  acreage  of  balsam  fir  land,  but  probably  the  larger  share 
of  the  private  land  is  in  small  farm  holdings,  mostly  in  St.  Louis,  Itasca, 
Beltrami ,  Lake  of  the  Woods,  Koochiching,  and  Lake  counties. 

Volume  of  Balsam  gjr 

The  estimated  stand  of  balsam  fir  in  Minnesota,  in  I9U5  was  5.300,000  cords, 
most  of  which  occurred  within  the  balsam  fir-sioruce  type.     Of  the  volume, 
39  percent  was  in  St.  Louis,  Carlton,  and  the  northeastern  counties  of  the 
State;  37  percent  in  Itasca,  Beltrami,  Cass,  and  Aitkin  counties;  and  21 
percent  in  Koochiching  and  Lake  of  the  Woods  counties.    The  remainder  was  in 
scattered  stands  in  Roseau,  Marshall,  and  Becker  counties  (3) • 

Fifteen  percent  of  the  volume  was  in  trees  of  sitwlog  size;  the  remainder  was 
in  smaller  trees  (^_).  Average  mature  stands  contain  3  to  12  cords  per  acre. 
Many  stands  are  not  fully  stocked. 

Present  Use  of  Balsam  Bir 

Although  some  balsam  fir  is  cut  into  lumber ,5/  particularly  the  large-sized 
trees  in  the  "birch  belt,"  the  greatest  use  is  for  pulpwood.    A  considerable 
number  of  small  trees,  and  to  some  extent  the  tops  of  merchantable  trees  arc 
used  for  Christmas  trees.    A  very  small  but  steady  market  exists  for  the 
resin  contained  in  the  bark  blisters. 

The  use  of  balsam  fir  as  pulpwood  is  rapidly  increasing  in  Minnesota.  Such 
use  accounted  for  an  average  of  only  77.000  cords  annually  during  the  decade 
1935  to  19^.     Since  that  time  it  has  almost  doubled,  the  State  producing 
150,000  cords  in  19'h-S,  the  last  year  reported.    About  half  of  the  pulpwood 
producjd  is  used  by  Minnesota  mills,  the  rest  goes  to  Wisconsin  or  outside 
the  region  (£). 

If  production  continues  at  the  19^4-3  rate,  we  will  presumably  be  cutting  balsam 
fir  faster  than  it  is  growing  for  the  annual  allowable  drain  of  balsam  fir 
cordwood  (exclusive  of  saw  timber)  for  the  next  20  years  was  estimated  at 
115,000  cords  in  I9U6  (3.) »     This  figure,  however,  makes  no  allowance  for 
increase  in  a.creagc  of  the  type,  and  there  seems  little  doubt  but  that  the 
area  of  balsam  fir  is  increasing  rapidly. 

5/    According  to  Horn  (10)  about  5  million  board  feet  of  balsam  fir 
lumber  was  produced  in  Minnesota  in  IjhS, 
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5ILVIC.il  CHARACTERISTICS  OF  BALSAM  PIE 


Growth  HgMts 

Balsam  fir  is  a  snail  to  nedium-sizcd  tree  of  rapid  growth  once  it  is  beyond 
the  seedling  stage.     In  the  Lake  States,  it  occasionally  reaches  diaaeters  of 
22  inches  and  heights  of  SO  feet  ("birch  belt"),  but  trees  in  average  stands 
arc  much  smaller  and  shorter  than  this;  more  usual  are  trees  of  8  to  10  inches 
d.b.h.  and  ^5  to  55  feet  in  height. 

Balsan  fir  in  the  northeastern  states  apparently  attains  a  larger  size  than 
in  this  region,  for  according  to  Zon  (28)  trees  in  Maine  reach  a  height  of 
95  to  100  feet  and  a  diameter  of  25  to  J>0  inches.    Mature  trees,  however,  arc 
usually  12  to  lo  iach.es  in  diameter  and  70  to  80  feet  high.    He  reported  that 
the  growth  rate  of  balsan  fir  in  Minnesota  was  poorer  than  that  in  Nov/  lork 
or  Hew  England, 

Growth  begins  early,  some tines  before  the  last  frost  which  kills  the  tender 
shoots.    The  flowers  arc  nature  about  a  week  before  the  leaves  are  produced  — 
about  the  last  week  in  May  at  Ely  —  fron  buds  which  are  readily  visible  the 
preceding  fall.     They  nay  be  killed  by  late  frosts  and  the  cone  crop  thus 
wiped  out.    Fertilized  cones,  borne  in  the  extrene  top  of  the  trees,  develop 
rapidly  and  usually  nature  the  last  week  in  August  to  early  September.  PIcight 
growth  is  very  slow  during  the  first  5  or  6  years  of  life,  after  which,  unless 
the  trees  ere  suppressed,  it  becomes  quite  rapid  until  about  80  years,  when 
it  practically  ceases  (28),    Diameter  growth  apparently  continues  up  to  death 
(28),    Trees  with  plenty  of  light  or  a  released  under story  of  balsam  fir  less 
than  breast  height  but  fairly  old  can  reach  merchantable  size  in  30  to  35 
years,  but  it  is  doubtful  if  commercial  stands  could  be  produced  fron  seedlings 
in  this  period. 

Balsan  fir  occurs  both  in  even-aged  and  many-aged  stands.     The  former  probably 
have  originated  mostly  after  fire  and  occasionally  after  blow-down,  end  bud- 
worn  epidemics.    Many-aged  stands  develop  in  the  absence  of  fire  or  other 
catastrophe, 

Many  stands  of  balsa:.;  fir  arc  severely  suppressed  over  greatly  varying  periods 
of  years  before  release,    A  study  of  such  stands  made  by  Morris  (18)  indicated 
that  the  age  of  the  stand  since  initial  release  provided  a  better  guide  to 
the  growth  rate,  sexual  maturity,  and  onset  of  butt  rot  in  the  stands  than 
the  total  age,     Since  nest  of  the  suppression  occurs  before  the  trees  reach 
breast  height,  there  is  a  present  tendency  to  determine  the  age  at  that  point 
instead  of  total  age  for  balsan  fir. 

Balsan  fir  is  very  tolerant  (possibly  the  most  tolerant  of  Lake  States 
conifers).    It  produces  intornodal  buds  and  bears  many  branches  which  remain 
alive  for  years  and  when  dead  do  not  prune  readily.    Due  to  their  tendency  to 
produce  new  shoots  fron  adventitious  buds,  balsan  firs  can  produce  new  tops 
When  the  old  one  is  killed  or  broken  off.     This  habit  is  the  basis  for  the 
practice  of  leaving  live  whorls  of  branches  on  the  stubs  remaining  fron 
Christmas  tree  cuttings,  thus  enabling  then  to  produce  new  trees. 
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Longevity,  Mortality,  and  Cull 


Balsan  fir  is  a  relatively  short-lived  tree.    Reports  fron  Hew  York  (28) , 
Ontario  (2),  Quebec^,  and  Minnesota  (ll) ,  refer  to  150-year-old  trees  and 
fron  Now  Hampshire,  176  years  (25).     Trees  of  such  advanced  age  appear  to  "be 
rare  in  Minnesota,  few  attaining  an  age  of  more  than  100  years. 

Probably  the  main  reason  why  balsam  fir  does  not  live  longer  is  its  sus- 
ceptibility to  insect  attack  and  to  decoy.     The  spruce  budworn  (Cacoecia 
fur. if cr ana)  periodically  becor.es  epidenic  and  vdth  its  associated  bark  beetles 
and  borers  kills  large  volumes  of  timber.     Carpenter  ants,  by  their  weakening 
effect  at  the  butt  are  a  constant  although  indirect  cause  of  loss  fro"  wind 
breakage.     Contrary  to  general  opinion,  these  ants  arc  found  about  as  often 
in  otherwise  sound  balsan  fir  as  in  those  which  are  decayed  (25).  Other 
insect  pests  attacking  this  species  but  rarely  causing  serious  damage  are  the 
false  hcrlock  loopcr,  the  balsan  fir  sawfly,  and  the  balsan  woolly  aphid. 

Less  spectacular  in  their  effects  than  budworn  but  perhaps  just  as  important 
a  source  of  mortality  arc  the  white  stringy  butt  rot  caused  by  Fori a  subacida 
and  the  brown  butt  rot  caused  by    polyp orus  balsanous.     These,  like  carpenter 
ants  and  often  in  conjunction  with  the  latter,  so  weaken  the  trees  that  they 
break  off  near  the  base  or  are  uprooted  during  strong  winds.    Very  old  trees 
are  also  likely  to  be  seriously  infected  with  a  red  heart  rot  or  top  rot 
caused  by  Store-on  s anguj nolo ntur.i .     This  type  of  rot  which  is  usually  confined 
to  the  upper  part  of  the  bole  seldom  causes  mortality.     It  nay,  however, 
account  for  the  loss  of  tops  during  heavy  seed  crops.     Other  balsan  fir 
diseases  which  nay  occasionally  be  important  in  some  localities  are  the  brown 
butt  rot  caused  by  Polyporus  schwoini tzii  ,  pecky  wood  rot  caused  by  Tra.:etes 
pini ,  rust    witches'  broom,  and  various  needle  rusts. 

Due  to  its  shallow  root  system,  (little  if  any  deeper  than  that  of  spruce) 
balsam  fir  is  less  windfirn  than  nost  northern  conifers.     It  is  not  always 
possible  to  determine,  however,  how  much  of  such  wind throw  may  be  due  to 
deceyed  roots. 

Balsam  fir,  because  of  its  thin  bark  and  low  crown,  is  easily  killed  by  fire. 
Nor  can  it  withstand  very  long  periods  of  flooding. 

As  a  result  of  the  various  typos  of  mortality  to  which  it  is  subject,  stands 
of  balsam  fir  tend  to  open  up  with  age  unless  regenerated.     Often  such  regen- 
eration occurs  but  in  other  cases  brush  nay  cone  in. 

Besides  the  sizable  amount  of  volume  lost  through  windthrow  of  decay-weakened 
trees,  wood-rots  in  balsam  fir  are  responsible  for  considerable  loss  through 
the  culling  of  the  butt  or  upper  logs  at  the  tine  of  cutting.     The  great 
importance  of  such  cull  in  the  northeast  is  stressed  by  Spaulding  and  Hansbrough 
(25)  who  made  detailed  stem  studies  of  some  1,100  balsam  firs  ranging  fron 
-0  years  up.    Half  of  these  trees  showed  decay  severe  enough  to  cause  some 
cull  at  72  years  and  all  at  165  years.     Top  rot  was  the  greatest  cause  of 
cull,  but  its  importance  was  exaggerated  by  the  fact  that  trees  with  butt  rot 
arc  lost  through  windfall.    Butt  rot  appears  in  some  trees  at  ^0  years  and 

oj    Verbal  report  fron  H.  A.  less,  formerly  with  U.  3.  Bureau  of 
Entomology  and  Plant  Quarantine,  Milwaukee,  Wisconsin,  19^7  • 
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gradually  becomes  so  serious  that  the  authors  recommend  a  rotation  age  of  "(0 
years  to  keep  cull  losses  at  a  minimum.     Cull  appeared  to  be  more  serious  on 
poor  sites  than  on  good  ones,  but  the  volume  so  lost  was  greater  in  fast 
growing  trees  than  in  those  of  slow  growth. 

The  importance  of  the  butt  rots  in  the  Lake  States  has  been  pointed  out  by 
Kauf ert  (ll) ,  who  found  that  SO  percent  of  trees  90  to  100  years  old  and 
practically  all  those  13O  years  old  show  such  decay.    He  concludes  that  cull 
from  butt  rot  increases  so  rapidly  after  70  years  of  age  that  balsam  fir 
should  not  be  held  after  it  is  SO  years  old.     His  opinion  that  balsam  fir  on 
ridge  tops  are  more  susceptible  to  butt  rot  than  swamp  trees  is  confirmed  by 
the  subsequent  work  of  Heimburger  and  HcCallum  (7),  who  found  the  two  common 
butt  rots  to  be  more  serious  in  the  Aster  site  type  (mixedwecd    slopes  on 
ridges)  than  in  the  Cornus  site  type  (softwood  flats  or  semi-swamps).  The 
earlier  studies  of  Moore  and  P.ogers  (17),  however,  indicated  that  mortality 
from  butt  rot  in  Maine  became  serious  at  an  appreciably  earlier  age  on  the 
flats  than  on  the  slopes. 

Conditions  Affecting  Regeneration 

Seed  Supply 

Balsam  fir  is  a  rather  prolific  seed  producer.    Production  begins  at  about 
20  yeersT/  and  apparently  continues  until  death.     Good  crops  appear  to  be 
borne  in  northern  Minnesota  every  two  or  three  years,  with  some  seed  borne 
almost  every  intervening  year.    Bonner  (2)  reports  dominant  and  codominant 
trees  to  be  the  heaviest  producers.     Nothing  is  known  as  to  the  amount  of 
seed  produced  by  individual  trees  or  by  balsam  fir  stands  during  a  good  year. 
However,  a  scries  of  20  traps  set  out  near  Ely,  Minnesota,  with  reference  to 
white  spruce  seed  trees,  but  with  considerable  small,  50-year-old  balsam  firs 
in  the  stand,  showed  a  -oroduction  of  9^O»C00  viable  balsam  fir  seeds  per  acre 
in  a  heavy  seed  year  (24). 

A  bushel  of  balsam  fir  cones  was  found  by  Richardson  (l£)  to  weigh  35  pounds 
and  to  yield  2.3  to  2.6  pounds  of  cleaned  seed.     The  seed  if  properly  cleaned 
shows  good  germination  and  averages  60,000  cleaned  seeds  per  pound ;Sy  it  is 
thus  the  largest  Minnesota  conifer  seed  except  for  white  pine  and  red  pine. 
Although  balsam  fir  seed  will  not  keep  as  well  as  pine  seed,  it  should  retain 
its  viability  for  many  years  if  properly  handled.     Seed  stored  for  seven  years 
in  sealed  containers  at  about  ^0°  P.  showed  little  loss  in  germination.  In 
absence  of  such  conditions  storage  in  tightly  closed  containers  in  a  cool  dark 
cellar  should  prove  a  fair  substitute  (22) . 


7/    One  tree  was  found  to  have  produced  viable  seed  at  about  1^  years 

(23). 

Sj    Cleaned  balsam  fir  seed  includes  the  wing  bases.     These  are  impossible 
to  remove  without  injuring  the  soft  seed,  since  they  enclose  the  seed  on  three 
sides.    These  bases  absorb  considerable  moisture  and  because  of  this  may  help 
in  germination. 
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Seed  fall  begins  about  a  week  after  ripening  (usually  late  August  to  early 
September)  and  slowly  continues  throughout  the  fall  to  the  early  spring  months 
(2,  21).  She  seed  is  dispersed  mostly  by  wind,  although  squirrels  also  play 
a  part  through  their  caching  activities.     Average  distance  dispersed  is  not 
known;  the  maximum  known  distance  is  7  to  8  chains.    According  to  Eonner  (2) 
many  seeds  stick  to  the  resinous  cone  scales  and  fall  near  the  parent  tree 
while  others  appear  to  "bo  blown  long  distances. 

It  is  probable  that  tirds  and  rodents  eat  considerable  seed.  Mice  are  known 
to  cache  the  seeds  and  squirrels  hide  and  later  destroy  at  least  some  of  the 
cones. 

Seedbed  P.equiremonts 

Of  the  three  more  common  types  of  seedbed,  mineral  soil  is  apparently  the 
best  with  rotten  logs  a  close  second.    The  latter  commonly  occupy  only  a  small 
proportion  of  the  ground  and  hence  are  relatively  unimportant.    Duff  is  the 
poorest  seedbed.     (l_3_,  20_)    However,  some  balsam  fir  seedlings  manage  to 
penetrate  the  duff  and  come  into  contact  with  the  more  readily  available 
moisture  of  the  mineral  soil.     Hence,  although  mineral  soil  is  a  much  better 
seedbed  many  balsam  fir  seedlings  do  become  established  on  duff,  particularly 
in  seasons  with  abundant  moisture.     This  ability  to  come  in  on  duff  is  pro- 
bably one  of  the  major  factors  responsible  for  the  increasing  dominance  of 
balsam  fir  in  the  northern  forest. 

Time  of  Germination 

At  Ely,  Minnesota  balsam  fir  seed  has  been  observed  to  begin  germination  in  the 
forest  in  late  May  and  to  bo  three-quarters  complete  by  the  end  of  June;  the 
remainder  germinates  mostly  in  July.     Germination  on  duff  occurs  largely  in 
July  and  August  and  appears  to  be  slower  than  that  on  mineral  soil.  Balsam 
fir  seed  is  dormant,  and  will  not  germinate  well  unless  given  a  long  period 
of  stratification  at  low  temperatures  (22).  9/    In  nature  this  requirement 
is  taken  cere  of  as  the  seed  lies  on  the  ground  over  winter.     Seeds  which 
fall  late  in  winter  probably  lie  on  the  ground  over  sne  summer. 

Growth  Sate  of  Seedlings 

Initial  growth  cf  balsam  fir  seedlings  is  slow.    However,  the  root  grows  down 
into  the  soil  faster  than  that  of  white  spruce  seedlings  (probably  because 
of  the  larger  seed  and  consequently  greater  amount  of  stored  food)  and  hence 
balsam  fir  seedlings  can  survive  dry  weather  the  first  summer  better  than 
can  white  spruce.     Growth  under  the  more  ideal  conditions  of  a  forest  nursery 
is  also  slow.    At  least  2-2  stock  is  required  for  field  planting,  and  j-2 
might  even  be  better.    Early  growth  of  natural  seedlings  in  the  open  is  some- 
what slower,  the  trees  attaining  a  height  of  from  l/2  to  1  foot  in  7  years. 
From  then  on  they  grow  at  an  increasingly  rapid  rate.     If  suppressed,  however, 
they  may  persist  for  years  making  a  minimum  amount  of  height  growth.  10/ 


5/  Judging  from  studies  made  by  Hcit  and  Eliason  (8) ,  balsam  fir  seed 
from  the  northeast  may  have  less  pronounced  dormancy  and  hence  require  a 
shorter  period  of  stratification, 

10/  The  writer  once  found  a  suppressed  balsam  that  was  5  feet  high  and 
36  years  old;  it  was  badly  rotted  at  the  ba.se. 
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Brush  and  Overhead  Cover 


Since  bals an  fir  is  a  very  tolerant  species,  nany  1-  and  2-ycar-old  seedlings 
are  often  found  under  dense  "brush  or  dense  overhead  cover.  11/    These  seldom 
survive,  for  there  is  apparently  a  nininun  light  intensity  "below  which  "balsam 
seedlings  cannot  exist.    What  this  level  is,  is  not  known.    Under  lighter 
brush  or  under  a  more  open  crown  canopy,  the  seedlings  will  persist  for  years 
making  very  slow  growth.     If  given  more  light  they  will  recover  from  suppress- 
ion and  grow  as  if  they  had  had  full  light  from,  the  start.  12/    Under  species 
with  light  crowns,  such  as  aspen  and  "birch,  balsam  fir,  although  not  attaining 
its  full  growth  potential,  nevertheless  manages  to  maintain  a  fair  to  good 
rate  of  growth.    Hence  it  is  only  a  natter  of  time  until  balsam  fir  becomes 
the  dominant  tree  in  such  stands. 

Long  continued  suppression,  however,  aside  from  loss  of  growth  has  other 
undesirable  features.     It  has  "been  found  in  the  northeast  that  trees  up  to 
70  years  of  age  are  somewhat  more  susceptible  to  decay  when  suppressed  than 
when  growing  rapidly.     (25)    Further,  the  fungus  causing  top  rot  infects 
many  trees  which  have  "been  sup-ores  sod  long  enough  to  become  flat-topped 
(25,  2S). 

Although  "balsam  fir  makes  rapid  growth  when  released,  sudden  exposure  probably 
is  harmful,     'This  seems  to  ho  true  in  the  case  of  older,  less  vigorous  trees 
which  arc  left  v.s  unmerchantable  on  logging  operations,  and  also  of  scattered 
trees  up  to  25  years  old,  which  are  given  complete  relea.se.     'The  former  trees 
arc  subject  to  siin scald  a.nd  "blow-down  while  the  younger  trees,  according  to 
S chant z-Ean s e n^3 /  are  likely  to  blow  down  or  be  broken  "by  snow.    Damage  of 
this  kind  is  ©specially  noticeable  on  the  ledge-rock  formation  of  north- 
eastern Minnesota.    Dense  under stories  of  young  balsam  fir,  when  given  full 
release,  apparently  come  through  in  "better  shape  than  do  scattered  trees. 

Enemies  of  Balsam  Fir  Seedlings 

Balsam  fir  seedlings  have  many  enemies.    Probably  the  earliest  are  the  damping- 
off  fungi  which  attack  the  young  seedlings  soon  after  they  emerge.  Damping- 
off  accounted  for  43  percent  of  the  determinable  first-year  mortality  in 
"balsam  fir  seedlings  in  a  study  made  in  l^ko    14/ ,  and  25  percent  in  another 
made  in  19^8    15/.     Some  unknown  insects  destroy  the  cotyledons  and  some 
years  apparently  kill  many  seedlings  (56  percent  ,lz/  5  perccnt!5/).  Dry 
seasons  also  cause  considerable  loss  the  first  year;  that  of  1948  was  respon- 
sible for  68  percent  of  the  mortality  on  some  natural  reproduction  quadrats 
near  Ely  and  with  other  agents  reduced  the  stand  from  322,000  to  60,000 
seedlings  per  acre.    Balsam  fir  seedlings,  however,  are  more  drought  resistant 
than  those  of  white  spruce  (l ) . 


11/    A  reproduction  study  in  a  JO-year-old  white  spruce  stand  of  good 
density  showed  3 ,$00  balsam  seedlings  per  acre;  of  these  $0  percent  were  under 
6  inches  in  height  and  $  percent  were  in  the  1-foot  class  (24) . 

12/    Balsam  fir  stumps  have  been  observed  which  showed  that  the  tree  had 
ma.de  fast  growth  after  being  "badly  suppressed  for  50  years.     In  Newfoundland 
balsam  fir  left  after  moderate  cutting  in  stands  suppressed  for  70  years  show 
excellent  response  in  growth  (l6). 

13/    Information  obtained  verbally,  1950. 

14/    LcBarron,  E.  K.-  1Q41.    Unpublished  data  on  balsam  fir  direct 
seeding  in  files  of  Lake  States  Forest  Experiment  Station, 

15/    Hoe,  5.  I.-  19*+9.    Unpublished  data  from  quadrat  studies  of  natural 
reproduction  of  balsam  fir  and  white  spruce.     In  files  of  Lake  States  Forest 
Experiment  Station. 
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Some  seedlings  are  killed  "by  frost  heaving  and  others  are  smothered  under 
the  leaf  litter  during  the  first  winter.    Bhacidium  blight  is  reported  to 
kill  small  seedlings  under  snow  and  also  the  lower  branches  of  larger  trees 
in  Ontario  (2).    As  the  seedlings  get  larger,  they  may  he  browsed  by  deer  or 
moose  and  nipped  by  hares.     Such  damage,  however,  seems  of  importance  only 
in  the  brushy  lands  on  the  Forth  Shore.     Hares  occasionally  girdle  the  bark 
of  seedlings  4  to  5  feet  high;  in  times  of  high  population  such  damage  is 
probably  serious.    Mice  are  reported  to  cut  off  some  seedlings  at  the  ground 
line,    Now  and  then  porcupines  will  girdle  tiie  tops  of  2-  and  3-inch  undcr- 
story  trees.     The  new  leaders  and  laterals  arc  often  killed  back  by  late 
spring  frosts. 

reproduction  by  Layering 

Balsam  fir  like  black  spruce,  can  roproduce  by  layering  of  the  lower  branches. 
While  this  is  generally  of  little  importance  (Bonner  (2_)  estimates  that  layers 
form  one  percent  of  the  balsam  reproduction  in  the    Clay  Belt    of  northern 
Ontario)  locally,  it  may  be  abundant.    Hear  Ely,  in  northeastern  Minnesota, 
layering  is  fairly  common, on  the  north  slopes  of  a  gravel  ridge; 

as  a  whole  it  appears  to  be  rare.     Occasional  dense  clumps  of  balsam 
fir  saplings  arc  doubtless  of  layer  origin. 

GROWTH  AKD  YIELD  OP  BALSAM  FIE 

As  a  result  of  the  cooperative  effort  of  state,  industrial,  and  federal 
foresters,  over  500  balsam  fir  yield  plots  were  measured  in  Michigan,  Wisconsin, 
and  Minnesota  during  19^-8.     These  data  have  been  analyzed  and  a  report  issued 
by  the  Lake  States  Forest  Experiment  Station  (5).     The  tables  of  growth  and 
yield  of  balsam  fir  in  the  Lake  States  comprise  the  most  up-to-date  informa- 
tion on  this  subject,  and  hence  fill  what  has  been  an  important  gap  in  our 
knowledge  of  this  species.     They  can  be  used  for  both  pure  and  mixed  upland 
stands  end  require  the  estimation  of  such  stand  characteristics  as  proportion 
of  balsam  fir,  stand  age,  site  quality,  and  competition  index.    The  last 
factor  measures  the  combined  effect  on  growth  of  the  degree  of  density  and 
the  amount  of  competition  offered  by  larger  trees.     Site  quality  is  deter- 
mined from  the  average  volume  per  tree  as  it  relates  to  age  and  degree  of 
competition. 

BALSAM  FIE  CUTTING  PRACTICES 

Most  of  the  larger  trees  in  balsam  fir  stands  now  being  cut  arc  overmature. 
The  common  cutting  practice  is  to  remove  all  trees  la-rger  than  6  inches  d.b.h. 
containing  more  than  one  100-inch  pulp  stick.     In  some  more  accessible  areas, 
the  2-stick  balsam  firs  are  reserved  from  cutting.     Generally,  however,  not 
much  consideration  is  given  to  the  age  of  the  stand,  the  uneven-aged  stands 
boing  cut  like  the  even-aged  ones. 

White  spruce  when  associated  with  balsam  fir  is  either  cut  to  a  diameter  limit 
varying  from  6  to  12  inches,  or  on  state  and  national  forest  sales  and  some 
private  operations  may  be  marked  on  a  thrift  basis.     Other  associates  are 
usually  cut  to  a,  diameter  limit. 
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Utilization  in  balsam  fir  cuttings  is  generally  to  a  U-inch  top  as  in  the 
case  of  other  conifers;  on  some  operations  it  is  to  a  }-  or  a  j^-- inch  top. 

Disadvantages  of  Current  Practices 

Balsar,  fir,  because  of  its  aggressive  regenerative  ability  probably  can  stand 
more  abuse  than  any  other  Lake  States  conifer.     Six-inch  diameter-limit 
cuttings  in  this  type,  although  virtually  commercial  clear  cutting,  do  not 
usually  leave  the  land  in  a  denuded  condition  due  to  the  presence  of  varying 
amounts  of  large  advance  reproduction  and  trees  just  under  merchantability.  16/ 
As  a  result  such  cutovcr  lands  generally  make  a  rather  rapid  come  back,  and 
a  second  cut  is  assured.     However,  certain  characteristics  of  the  cutting 
system  used,  together  with  other  undesirable  practices,  tend  to  delay  the 
second  cut  for  many  years  and  also  to  reduce  its  yield. 

When  balsam  fir  is  cut  to  a  6-inch  limit,  a  great  deal  of  slash  results, 
especially  where  utilization  is  not  close.     This  not  only  smothers  many 
established  seedlings  but  for  many  years  it  also  prevents  seedling  establish- 
ment on  a  considerable  proportion  of  the  cut-over  area,  IjJ  Consequently, 
such  a  cutting  will  later  assume  a  somewhat  patchy  pattern  of  stocked  areas 
mixed  with  others  that  are  not,  or  in  a  younger  age  class  interspersed  with 
areas  of  older  timber. 

Such  cutting  also  results  in  considerable  exposure  of  the  site  and,  particu- 
larly on  the  shallow  soils  of  the  ledge-rock  area  in  northeastern  Minnesota, 
is  often  followed  by  much  windthrow  in  the  3-  and  U-inch  trees,  those  which 
are  the  nucleus  of  the  second  cut.     Intermediate  and  suppressed  trees  may  be 
severely  affected  by  sunscald  when  exposed  by  logging,  and  such  injury  serves 
as  an  infection  center  for  decay.     Invasion  by  brush  is  also  encouraged  on 
some  areas  by  the  great  amount  of  exposure  afforded  by  such  cutting. 

Another  drawback  of  cutting  to  a  6-inch  diameter  limit  in  uneven-aged  stands 
is  that  it  greatly  reduces  growth  through  eliminating  the  fastest  growing 
trees  in  the  stand,  that  is  the  6-  and  8-inch  trees.     This  reduction  will  be 
apparent  for  at  least  two  decades. 

To  the  rather  considerable  loss  of  potent ial  second-crop  trees  caused  by 
slash  damage  to  advance  reproduction,  reduction  in  valuable  growing  stock, 
and  the  sudden  exposure  of  small  nonmercha-ntable  trees,  must  also  be  added 
the  destruction  of  saplings  and  small  poles  during  logging  and  skidding. 
Although  some  of  the  loss  is  unavoidable. ,  much  of  it  could  bo  prevented  by 


16/    An  exception  to  this  is  the  brushy  lands  of  the  "birch  belt" 
where  there  are  practically  no  small  trees  in  the  stands  and  very  little 
advance  reproduction.    Logging  here  presents  difficult  problems  e.s  timber 
volumes  are  relatively  light  and  reproduction  is  hard  to  establish  under  the 
heavy  brush.     The  best  balsam  fir  reproduction  here  appears  to  have  come  in 
on  the  lover  lying  swamp-margin  sites  where  the  brush  is  much  lighter  than 
on  typical  upland. 

17/    In  northeastern  Minnesota,  slash  piles  created  5  years  ago  in 
typical  balsam  cuttings  arc  still  not  available  for  seedling  establishment. 
Bonner  (2)  feels  that  in  northern  Ontario  such  areas  cannot  be  counted  on 
for  10  to  15  years. 
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care  in  lodging.     The  importance  of  this  problem  is  demonstrated  "by  Bonner 
(2),  vho  reports  that  ko  to  ~J0  percent  of  the  advance  growth  is  destroyed 
during  logging  operations  in  the  Clay  Bolt  of  northern  Ontario.  Similarly, 
a  study  of  sonic  Rational  Forest  and  private  cuttings  in  northeastern  Minnesota 
in  19^5  shoved  that  iron  5  to  k<5  percent  of  the  trees  from  1  to  k  inches 
d.b.h.  v/erc  cither  cut  or  "broken  off  during  logging  operations;  no  information 
was  obtained  for  seedlings  "below  these  sizes. 

The  end  result  of  these  various  factors  affecting  mortality  and  reproduction 
is  a  greatly  lengthened  cutting  cycle.     On  some  areas  the  possibility  of  a 
second  commercial  cut  is  probably  delayed  for  about  ko  to  50  years,  and  during 
this  period  many  of  the  3-inch  to  6-inch  trees  which  survived  the  hazards  of 
logging  will  reach  maturity  and  die.     The  resulting  loss  in  yield  is  empha- 
sized by  Day  (k)  and  by  Westveld  (27) .    The  latter  finds  that  average  spruce- 
fir  stands  in  Maine  cut  to  what  approximates  a  6-inch  diameter  limit  will 
actually  produce  about  12  cords  per  acre  during  a  60-year  cutting  cycle. 
However,  only  half  of  this  is  ever  harvested,  the  rest  being  lost  through 
mortality  mostly  between  30  and  oO  years.    Westveld  contends  that  by  changing 
to  a  30-yenr  cutting  cycle,  the  owner  could  obtain  an  additional  J>,6  cords 
per  acre;  and  by  reducing  the  cutting  cycle  to  20  years  could  realize  an 
increase  of  4-, 2  cords  per  acre.    Although  data  are  not  available,  it  seems 
probable  that  much  of  the  same  kind  of  losses  arc  taking  place  in  Minnesota 
under  existing  practices. 

Feasibility  of  Selection  Cutting  in  Balsam  Fir  Stands 

Many  of  the  disadvantages  inherent  in  the  present  diameter-limit  cutting  of 
balsam  probably  could  be  overcome  by  handling  this  species  under  the  selection 
system  (a  combination  of  tree  and  group  selection,  depending  cn  the  stands). 
Theoretically  balsam  fir  seems  ideally  suited  for  such  cutting  —  it  is  very 
tolerant  of  shade  and  can  reproduce  under  low  light  intensities,  and  on  seed- 
beds that  v/ould  bo  unfavorable  to  most  other  species.     Seedlings  once  estab- 
lished will  make  slow  but  dependable  growth  if  given  more  light  and  very 
r?pid  growth  if  the  stand  is  opened  up  further.    Furthermore ,  much  balsam  fir 
already  exists  in  uneven-aged  stands  thus  testifying  to  the  fact  that  this 
type  of  silvi cult-ore  is  natural. 

Under  the  selection  system  losses  from  mortality  should  be  low.    3le.sh  also 
would  be  little  problem  for  there  v/ould  be  much  less  to  begin  with  and  under 
the  shade  furnished  by  residual  stand,  this  would  decay  and  disappear  ntioh 
more  rapidly.  IS/    There  v/ould  be  no  serious  fire  hazard  such  as  that  afforded 
by  balsam  fir  slash  under  present  practices.    Brush  invasion  v/ould  be  kept 
at  a  minimum  as  v/ould  also  losses  from  windthrow  and  sunscald.    More  care, 
however,  v/ould  have  to  be  exercised  by  the  logger  but  this  is  a  must  under 
any  cutting  system. 


18/    Balsar:.  fir  slash  on  the  ground  under  the  brush  canopy  of  the 
"birch  belt"  completely  disappears  in  3  to  5  years. 


» 


Such  Ei  cutting  system  to  "be  most  effective  should  "be  operated  on  fairly  short 
cutting  cycles.     The  yield  advantage  of  a  20-year  cutting  cycle  as  demon- 
strated "by  Westveld  (2J) ,  has  already  "been  discussed.     It  is  "believed  such  a 
period  would  prove  practicable  in  the  more  remote  areas,  while  in  more  access- 
ible country  the  period  night  be  reduced  to  10  years  and  possibly  to  5  years 
in  the  faro  woodlots  of  northern  Minnesota.    Although  no  proof  is  yet  avail- 
able it  seens  reasonable  to  believe  that  the  greatest  yields  fron  balsam  fir 
will  be  obtained  fron  light  cuts  repeated  at  short  intervals  and  begun  at  an 
early  age. 

The  selection  systen  is  applicable  to  all  balsan  fir  sta.nds  excepting  even- 
aged  stands  which  are  noaring  the  pathological  rotation  age  of  fO  to  SO  years 
(11 ,  lfe,  25) ,     The  latter  type  can,  according  to  Day  (k) ,  be  handled  in  two 
cuts  the  first  of  which  removes  about  one-fourth  of  the  merchantable  volume 
in  trees  of  the  poorest  vigor.     Once  reproduction  is  well  established,  the 
remaining  timber  can  be  removed  (4).    Thrifty  even-aged  stands  of  intermediate 
age  presumably  can  be  handled  on  the  selection  basis  and  gradually  converted 
into  an  uneven-aged  condition. 

Any  application  of  the  selection  system  implies  marking  which,  of  course, 
involves  a  certain  amount  of  expense.    In  stands  where  the  diameter  is 
definitely  in  proportion  to  age,  designation  to  a  diameter  limit  of  S  or  5 
inches  will  probably  prove  a  fair  substitute  for  marking.    ?or  best  results 
in  any  stand,  however,  marking  will  be  necessary. 

The  statement  has  been  made  that  any  handling  of  balsam  fir  will  be  deter- 
mined by  the  budworn.     This  is,  of  course,  true.    Balsam  fir  overtopped  by 
aspen,  birch,  or  by  other  conifers  -apparently  is  not  subject  to  budworn 
attack,  the  most  susceptible  trees  being  the  large  overmature  individuals 
which  form  or  project  above  the  upper  crown  canopy  (6).    In  New  England 
budworm  risk  is  rather  closely  associated  with  rate  of  growth  and  this  in 
turn  with  a  combination  of  vigor,  crown  cla.ss  and  crown  ratio  (15).  There- 
fore it  would  seem  that  if  balsam  fir  stands  are  kept  in  a  thrifty,  rapid- 
growing  condition  a.nd  areas  of  overmature  (also  slow-growing)  trees  kept  at 
a  minimum,  the  possibilities  of  serious  losses  fron  budwom  should  be  rather 
small. 

In  all  cutting  of  balsam  fir  the  goal  should  be  to  encourage  as  much  repro- 
duction of  white  spruce  as  possible.     Sound,  thrifty  trees  should  be  retained 
as  long  a„s  possible,  not  only  because  of  their  seed  production  but  also 
because  of  the  excellent  growth  rate  maintained  by  this  species  even  at  an 
advanced  ago. 

Utilisation  down  to  a  3-ittch  minimum  too  diameter  should  be  encouraged. 
Although  ho1.;  much  increased  yield  would  thus  be  obtained  is  not  known,  it 
is  likely  very  appreciable. 
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ADDITIONAL  STUDIES  13EDED 


The  following  studies  seen  to  be  indicated  on  the  "basis  of  nresent  knowledge 
of  balsam.    These  are  arranged  more  or  less  in  the  order  of  their  present 
priority. 

1.  Cutting  Studies  in  Mature  Balsam  Fir 

These  should  be  directed  at  increasing  both  the  yield  of  balsam  fir  over  the 
rotation  and  the  amount  of  the  more  valuable  white  spruce  in  the  stand. 
Studies  are  needed  in  both  even-aged  and  uneven— aged  stands  and  should  be 
located  in  different  parts  of  the  State.     They  should  compare  light,  frequent 
cutting  (lO-ycar  intervals)  and  heavier,  less  frequent  cutting  (20-year 
intervals),  both  made  on  a  thrift  basis,  with  the  present  6-inch  diameter 
limit  cutting.     The  State  Division  of  Forestry  has  a  cutting  study  at  Orr , 
and  the  Lake  States  Forest  Experiment  Station  has  started  one  on  the  Chippewa 
National  Forest,     Special  studies  are  also  needed  in  the  light  very  brushy 
stands  of  the  "birch  belt."    These  are  discussed  further  under  5  below. 

2.  Logging  Costs  and  Other  Economic  Studies 

Hand  in  hand  with  cutting  studies  should  go  studies  of  the  cost  of  producing 
balsam  fir  pulpwood  under  different  methods  of  cutting  compared  with  6-inch 
diameter  limit  cutting.     Included  should  be  cost  of  marking,  felling,  bucking, 
skidding,  etc. 

3.  Cutting  Studies  in  Kixcd  Stands  Such  as  Aspen  or  Birch  and  Balsam  Fir. 

The  object  here  would  be  to  determine  total  yield  under  practices  varying 
all  the  way  from  complete  removal  of  overtopping  aspen  and  birch  to  complete 
removal  of  the  balsam.    The  Lake  States  Forest  Experiment  Station  has  such  a 
study  under  way  on  the  Argonnc  Experimental  Forest  in  Wisconsin. 

hm    Thinning  Studies  in  Immature  Balsam  Fir 

Thinning  studies  in  immature  balsam  fir,  with  the  object  of  speeding  up  growth 
and  utilising  mortality.     Thomson  (2o)  reports  a,  stand  of  755  balsam  firs 
per  acre  to  have  2,100  more  cubic  feet  of  merchantable  material  per  acre  than 
one  of  tho  same  age  and  on  the  same  site  with  2,500  trees  per  acre,  so  it 
would  seem  that  thinning  in  balsam  would  have  decided  advantages.  Thinning 
in  very  dense  stands  would  probably  have  to  be  done  gradually  to  prevent 
damage  from  sudden  exposure  or  from  snow.    According  to  Day  (h)  thinnings  in 
stands  30  years  old  can  produce  Christmas  trees  as  well  as  a  small  amount  of 
pulpwood.    The  Minnesota,  and  Ontario  Paper  Company  has  a  small  thinning  study 
in  balsam  fir,  but  so  far  as  known  this  is  the  only  one  of  its  kind  in  the 
State.    Additional  studies  should  be  started  as  soon  as  possible  and  should 
include  the  economic  as  well  a.s  the  silvicultural  aspects. 
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5 .    5c storing  Brush  Lands  to  P r o cue tivity 


A  large  area  of  potential  balsam  fir  land  is  occupied  "oy  brush  or  by  light 
stands  of  balsam  fir,  white  spruce,  and  birch,  with  a  very  dense  under story 
of  brush.    Cuttings  on  this  latter  type  of  land,  most  of  which  appears  to  be 
confined  to  the  "birch  belt,"  present  very  difficult  problems.    The  timber 
is  overmature  and  will  not  stand  up  under  partial  cutting,  hence  clear  cutting 
is  the  only  recourse;  cull  is  high,  especially  in  birch,  so  yields  are  low 
and  many  defective  "wolf"  trees  are  left.     There  is  no  advance  growth  and, 
due  to  a  combination  of  heavy  duff  with  dense  brush  15  to  20  feet  high, 
natural  seedlings  cannot  get  started  nor  car:  planted  trees  survive.  Until 
the  "brush  problem  is  overcome  th^re  seems  no  hope  of  getting  these  rich  sites 
back  into  full  production. 

Disking  seems  tc  offer  possibilities  of  knocking  down  the  brush  as  does  also 
the  use  of  herbicides.     The  Superior  National  Forest  and  the  Lake  States 
Forest  Ibqpcrimcnt  Station  already  have  some  preliminary  trials  of  these 
methods  in  combination  with  direct  seeding  and  planting  under  way  in  the 
"birch  belt."    They  should  doubtless  be  tried  on  other  balsam  fir  lands  in 
the  State  where  the  "brush  problem,  although  bad,  is  not  so  critical. 

6 .  Conversion  of  Inferior  Stands  to  Balsam  Fir 

Also  needed,  although  somewhat  analogous  to  the  preceding,  is  a  study  to 
determine  if  land  now  occupied  with  sapling  stands  of  poor  hardwoods  or  by 
medium  stocked  aspen  can  be  converted  to  balsam  fir  and  white  spruce  by 
disking  or  herbicides  in  combination  with  seeding  and  planting.     There  is 
much  land  of  this  type  on  the  Chippewa  national  Forest  and  elsewhere  in  north- 
central  Minnesota,  which  ecologically  is  transitional  between  balsam  fir  land 
and  hardwood  land.     The  hardwoods  generally  are  of  poor  to  fair  quality,  so 
balsam  fir-spruce  may  be  the  more  economic  type  here.     In  connection  with 
this  and  the  previous  study,  opportunity  should  be  afforded  to  determine  just 
how  much  help  balsam  fir  needs  in  the  way  of  release  to  come  through  brush 
successfully. 

7.  Logging  Damage  in  Balsam  Fir  Stands 

How  much  are  potential  yields  reduced  by  needless  use  of  immature  trees  as 
skids,  cutting  of  small  trees  to  make  felling  and  bucking  easier,  smothering 
of  small  reproduction  by  slash,  wide  skid  roads,  etc.?    Some  information  on 
these  points  should  be  gathered  in  connection  with  the  cutting  studies  listed 
under  1. 

8.  Site  Classification  of  Balsr-m  Fir  Stands 

Site  classification  of  balsam  fir  stands  and  how  to  identify  the  various 
balsam  fir  sites.    Are  the  site  qurJ-ities  used  by  Gevorkiantz  and  Olsen  (5) 
in  their  growth  and  yield  tables  correlated  with  any  easily  recognizable 
factors  such  as  topography,  soil,  and  vegetation? 
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Q.     Fundamental  Studies  of  the  Common  Brush  Species  Found,  in  Balsam  Fir  Stands 


Of  particular  value  would  "be  studies  of  "brush  species  in  the  ""birch  "belt" 
where  hazel  and  mountain  maple  reach  20  feet  in  height  and  the  latter  2  to  3 
inches  d.b.h.    A  study  of  hazel  "brush  is  now  "being  carried  on  at  the  University 
of  Minnesota  which  w'ili  probably  "be  of  considerable  aid.     The  other  common 
snecies  also  need  detailed  study  especially  in  this  area. 

10.  ITarsery  Studies 

Balsam  fir  planting  stock  is  produced  in  negligible  quantities  at  the  present 
time,  and  there  is  very  little  knowledge  on  how  to  grow  it.     It  is  known  that 
the  seed  should  be  fall  sown,  that  the  seedlings  should  be  shaded  the  first 
two  years  in  northern  Minnesota,  and  transplanted  at  the  end  of  the  second 
year.    Apparently  2-2  stock  is  satisfactory.     There  seems  to  be  considerable 
difference  between  seed  laboratory  and  nursery  germination.     Since  planting 
of  "balsam  fir  appears  to  be  the  only  way  to  restore  forest  cover  on  the 
extremely  brushy  sites,  more  experience  with  this  species  is  needed.  This 
calls  for  the  actual  production  of  balsam  fir  stock. 

11.  Planting  Practices 

Nothing  seems  to  be  known  as  to  proper  planting  practices  for  this  species. 
Presumably  it  can  "be  hand  planted  with  a  mattock.    Possibly  it  can  also  be 
machine  planted  on  areas  not  too  "brushy  to  interfere  with  the  planting 
machine.     Trials  of  "both  methods  should  be  made  on  a  sizable  scale. 

1 2 .  Ecological  Study  of  the  "Birch  Belt" 

This  area  of  good  sites  occupying  an  estimated  300,000  to  ^00,000  acres  in 
Lake  and  Cook  counties  needs  a  thorough  study.     Important  questions  that  need 
to  "be  answered  are: 

Why  is  the  virgin  forest  regressing  here  so  that  brush  is  taking  over  to  such 
an  extent  that  the  climax  species  are  being  excluded? 

V'hy  is  the  birch  so  short  "Doled  and  defective,  although  it  attains  large 
diameters  and  the  sites  arc  apparently  good  for  this  species? 

Is  this  sharply  defined  belt,  which  apparently  also  occurs  in  Ontario  north 
of  Lake  Superior,  associated  with  some  definite  type  of  climatic  a-nd  soil 
conditions?     It  has  been  said  that  the  poor  condition  of  the  birch  is  the 
result  of  natural  decay  f ollowing  excessive  top  breakage  caused  by  a  severe 
glaze  storm  back  about  1910.     If  so,  such  opening  up  of  the  stands  might  have 
encouraged  the  invasion  of  "brush.    Another  possible  cause  of  the  present 
dominance  of  brush  is  the  death  of  much  of  the  mature  balsam  fir  in  the  early 
20' s  due  to  budworm  attack. 
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1 3 .    Relation  of  Cull  to  Si  to  Quality 


Preliminary  studies  in  Quebec  and  in  New  England  indicate  that  there  is  a 
relationship  between  site  quality  and  the  amount  of  cull  in  "balsam  fir  {J_t  17 » 
25).     The  results,  however,  are  somewhat  conflicting.    When  "balsam  fir  sites 
are  finally  defined  in  this  section  of  its  range,  it  would  seen  worthwhile  to 
make  a  detailed  study  of  this  relationship.     If  cull  is  definitely  related  to 
site  quality,  net  yield  could  "be  predicted  much  more  closely  than  at  the 
present  time, 

lk.    Effect  of  Suppression  on  Cull 

More  worlr  needs  to  "be  done  to  find  out  how  much  long  periods  of  suppression 
affects  cull. 
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